Abstract-Online social networks have a profound impact on our daily lives. Netizen is very concerned about how to get a better dissemination of message. Researchers usually use the SIR dissemination model, describing the basic model of the dissemination process, to explore the mechanism of message dissemination. In this paper, we used the SIR dissemination model to carry out the experiment based on the scale-free feature of the social network. We test our dissemination model from SIR on twitter network and compare the disseminating results under two main factors. Finally, we have got three results: 1, there is a phase transition in the message dissemination process. That is to say, all the messages that forwarded by a large number of users have jump of the number of page views. 2, The message content is more influential than the media. The probability of message being forwarded is more likely to affect its final dissemination than the popularity of the message senders. So, it is a good way to improve the quality of information if you want your message to be seen by as many people as possible. 3. The probability of meeage being forwarded has a threshold that affects its ability to spread. The probability above this threshold will easily get mass dissemination.
I. INTRODUCTION
nline social networks (OSNs) have occupied a large share in the modern information media [1] . Because of the expanding size of OSNs, such as Facebook and Twitter, modern media carries an enormous amount of user generated content. The OSNs speedily generates a large amount of information, and many traditional media delivers a majority of information to Internet users through the portals or user subscription. The rapid development of the we-media [2] in recent years is also greatly reduced the threshold of compiling news, since the media has blurred the boundaries between media and users on the network. This kind of instant release for information is more timely, more interactive, and this is also the traditional media cannot achieve [3] - [4] . Now, traditional portals, such as microblog, fast deliver the information to target users. Online social media now plays an important role in the information dissemination. For example, targeted advertising [5] , commodity recommendation system [6] , political propaganda [7] , network public opinion [8] , etc. Experience such as shopping website precise push service "you may like it", President El of Turkey broadcast via FaceTime broadcast to call on the people to actively oppose the coup while the Turkey Coup [9] , Trump tweeted frequently at the United States presidential election, and quickly transfer his ideas [10] - [11] . The rapid spread of information in OSNs has brought about great changes in our way of life.
While the OSNs' impact on society is increasing, much interest is now being focused on the dissemination mechanisms in social networks. In order to understand the mechanisms underlying information diffusion, many previous studies involve analyzing large amounts of empirical data, and others formulate predictions of how popular a particular piece of information will become [12] - [17] . The susceptible infected recovered (SIR) model extended from epidemics model is frequently used to describe the dissemination of information [18] - [21] . In order to spread our message around the online social network, researching on the communication mechanism of message spread process is particularly important, and the scale-free property of social network is provided to complete it possible [22] - [23] . Based on our network of friend relationships between internet users, the SIR model is applied as foundation in the message spread experiment. In the spread of disease, every person coming in contact with an infected individual has the same probability to be infected, and the infected individual continues to infect others until it no longer has the disease. The spreading of information on OSNs is similar to that in epidemic and binary-choice opinion models, but the detailed mechanisms can differ.
II. DATA AND METHODS

A. Data source
Twitter is an online news and social networking service where users post and interact with messages, "tweets," restricted to 140 characters. In 2012, more than 100 million users posted 340 million tweets a day, and the service handled an average of 1.6 billion search queries per day. Till 2013, it was one of the ten most-visited websites and has been We use the opening and real-name data from Twitter provided by the Stanford Network Analysis Project (SNAP) [25] . This network has more than 80000 nodes, with more than 1,300,000 edges, and the network average degree of <k> approximately equal to 33. Our simulation tests will be run on the simple undirected graph obtained by simplifying the twitter network data.
B. SIR model
The process of a message caused by netizen spread on OSNs can be modeled mathematically using differential equations. The susceptible-infected-recovered (SIR) model we applied extended from epidemics model is very effective in complex network research and it has been widely used and developed in complex network until now [26] - [27] .
All netizen on the OSNs are divided by SIR model into the following three categories: susceptible, who may retweet the message when he receives it whose number recorded in S(t); infected, who is retweeting the message, whose number recorded in I(t), and the infected is randomly selected from susceptibles; recovered, who retweeted the message and will not retweet it again, whose number recorded in R(t). Assuming the total number of netizen to be N(t), then we have this expression:
(1) A node becomes an infected(I) when it delivers a message, and all the nodes link with it become susceptibles (S) and they can see this message. Susceptible may retweet the message and becomes an infected with probability p. An infected will probably become a recovered and never retweet this message. Without loss of generality, all infected turn into recovered. Recovered will be invisible on the OSNs. All the nodes take a part in the spreading will experience such a change process that "susceptible-infected-recovered". And we have the following expression to describe that process:
(3) The p is the probability a node retweets the message:
p~I(t)/S(t).
Under this dissemination mechanism, more friends a user has, more susceptibles will be derived. There will be enough infecteds and can make the message all over the network with many turns of spread. All the nodes link with the infected node will receive the message when the infected one retweets a message, and they retweet this message with probability p. Thus, their friends of friends can receive this message. Nodes that had retweeted that message will be recovered and will not retweet the message at all. In this paper, we use the SIR model to simulate the spread process to reduce the effective of disturbance involved complex of that model. Reference [28] shows that on the microblog site Twitter, most messages the users share are also the most messages they receive, despite that the number of their followers very differ from the number they follow. Hence an undirected network is a good approximation of message flow in a social network.
C. Probability density
We define one retweet step as the process that a node retweets a message with probability p after it receives that message. And we assume that message is get widely spread if it is viewed by 80% of all the nodes. The kernel density estimation method will be used in the data display to estimate the probability of each value. So we can better observe the distribution of the value [29] . And we choose the Gaussian kernel to figure out the probability density of the distribution of population [30] . Thers are N numbers, X1~Xn, the probability of each value can calculate by the following formula:
Here the h is the smoothing bandwidth to be used. The kernels are scaled the standard deviation of the smoothing kernel. K is the giving smoothing kernel to be used. Gaussian kernel is calculated here to estimate the kernel density here:
Now, the kernel density estimation function is: (6) III. RESULTS In the simulation experiment, we randomly selected 1000 nodes as the source node to send the message at first. The probability of forwarded is set to 0.1. And we record the views of the 1000 messages at the end of each retweet step. The 1000 curves of views process are shown in figure 1(a) . It suggests that some of curves have not increased at all, their final page views are very close to 0, which means these messages cannot be seen by almost everyone. And the other curves increase speedily, most of them are similar to the S type curve, maintain rapid growth in the 3~10 retweet steps and will no longer growth generally after 10 retweet steps thus it will tend to stabilize. We make use of all the curves in Figure 1 (a) to plot the fitting curve through loess method, which is the heavy black curve in Figure 1 (b) , and make the standard error as the fitting error band, that is the light gray interval in the fig.1(b) . Fig.1(b) shows clearly the trend of overall growth. The fitting error band is very thin, that is, the spread process is a relatively stable and rapid growth process. The fitting error of the initial stage and the end phase is bigger than that in ascent phase, hence the spread process at beginning and last part is irregular. That is affected by the information itself and the message sender. Figure 1 Phase transition in the message dissemination (a)Most of 1000 experiment rapidly rise within 3~8 retweet steps (b)Heavy line shows the fitting curve of page views which the page views rise quickly at the beginning, then start to level off. The light color interval is the standard error band of the fitting curves. The error is relatively small (c) The green diamond shows the number of retweets while the blue triangle indicates page views, and they change synchronously. There are phase transitions exist in number of retweets and page views. More than 60% of messages can be spread widely. And others are hardly seen. (d) There are two distant peaks in the distribution of page views. When a message spreads on the network, final page views of the message increases within S type curve, and finally it is stable at a certain level. Nearly 2/5 of the messages are hardly seen, and more than 3/5 of the messages could be spread across the network. Further, the gap of the location of the spread distribution is very large. So, if only you could break through the threshold of information dissemination, your message would be able to get great delivered.
We figure the number of final page views and retweets number of every curves to plot the scatter in the figure 1(c) in ascending order by page views. Blue triangle " " represents the maximum page views of 1000 messages, green diamond " " shows the maximum retweets number of the 1000 messages. Scattered plot indicates that page views and retweets of more than 1/3 of messages have approximate the 0, these messages have not been spread out. The numerical values of rest points have sudden increased, directly up to its maximum values which are approximately equal to each other. The slope of the part of scatter plot curve is very gentle. That shows that the message will spread across the entire network if it can be spread out. It indicates that there may be such a threshold in the network, the message cannot be spread widely if the communication ability of the message is below that threshold. Contrarily, the message will be spread widely across the network. We can obtain from the morphology of the scatter plot that the amount of retweets and page views are in good agreement. Therefore, in this paper, we will use the only page views of the messages without losing rigor. We calculate the distribution of the maximum amount of the 1000 messages by using the Gauss kernel density distribution. The probability density distribution curve is shown in Fig.1 (d) . The higher the crest, the greater the probability that the variable will fall within the particular range correspond to value of the abscissa.
It is obvious that there are two peaks, one in the vicinity of 0 and the other in the figure of more than 60 thousand. The trend is very clear that the messages which almost no one concerns, or everyone would see it. The middle part of the troughs is very wide and value lows to 0, just verifies the phase transition. Figure 2 Impact of message's degree distribution on infection range is very small (a) Degree distributions between hot users and normal users differ greatly. The average degree of hot users is more than 20 times beyond the average of normal users. (b) The probability density distributions of the infection ranges between the hot users and the normal users is not very different.The distribution curve of the infection ranges of the message sent by the hot users has only one peak, while the curve of normal users has two spikes. The infection ranges of messages sent by two type of users differ somewhat, but the degree distribution between the two type of users differ greatly. So hot users cost a lot but gain less.
We have analyzed the data which fall into different peaks to figure out the main factors that affect the infection ranges. Firstly, the effects of different messages sender are considered. We sampled the messages senders from all users to find out 100 users with highest degree (commonly referred to as hot users in the network) and the normal 100 users as control group to spread the same message (the message is retweeted with the same probability p). The spread process is completely random. Hot users and normal users spread the same message to carry out our information dissemination experiment. The contrast of the users' degree distribution and the probability density of the messages infection ranges and are shown in figure 2 . Fig.2(a) shows the contrast curve of two type of users' degree distributions. The wave crest is where the data concentrates. Blue dotted line displays the degree distribution curve of normal users. There is a peak of about 30. Normal users' node degree is of about 30, that is to say, the normal users have 30 friends on average. And the blue line represents the degree distribution curve of hot users with a peak more than 800, and its central tendency is not very obvious while the degrees of part of users are very high. The average degree of hot users is more than 800, compared with normal users' at least more than 20 times. And there are some very high degrees of users with many neighboring users, so the message is easy to spread in the early release.
In the Fig.2(b) , the horizontal axis is the total page views of messages, and the vertical axis is the probability density of the data distribution. The green dotted line indicates the probability density distribution of total page views of messages sent by normal users, while the blue line describes the probability density distribution of total page views of messages sent by hot users. The infection ranges distribution curve of a message sent by normal users has two peaks, 0 and 65000, the ratio of the area is 1:2, and 1/3 common user's messages could not be spread, and others can be spread widely. The distribution curve of the messages page views sent by the hot users has only one peak of 72000, that is to say, all the message sent by the hot users can be greatly spread. All the messages sent by hot users can be spread greatly while 2/3 of the messages sent by normal users can get a widely spread. The communication effect of hot users is of about 50% higher than that of normal users.
Comparing the fig.2 (a) and fig.2(b) , it can be seen in the case of the difference of degree distributions that the hot users have 20 times friends more than normal users, but they only obtain additional 50% payback. The cost-effectiveness ratio is y=50%/20=2.5%.
The retweet probability of the message has a great impact on the messages spread, far more than the impact of the degree of the node. The page views curves of messages under the different retweet probability p are shown in the figure.3. In this part of the experiment, we set the message p value of 0.05, 0.1, 0.15 to carry out the test in three groups. Except for the p value of the messages, other parameters remain unchanged. The three spread process curves are shown in Fig.3(a) . It indicates that the page views of messages get larger values with the increase of p value, and they will be up to the turning point earlier. That is to say, the larger the p value, the more the page views are, and the faster the page views increase. The total page views under p=0.1 are more than two times than total page views under p=0.05, while total page views under p=0.15 is not much more than the one under p=0.1. In fig.3(b) , the slope of the curve is very high while the p is increasing from 0 to 0.1, and the curve increases slower after p=0.1. Double devotion when p is less than 0.1, you will get double revenue. The cost-effectiveness ratio is y=100%. Double devotion when p is more than 0.1, you will get half revenue. The cost-effectiveness ratio is y=50%/1=50%. Average cost-effectivenee ratio is more than 20 times higher than providing the degree of messages senders.
After the experiments above, we have found out all the hot users and calculated the degrees of their neighbor users. It shows that hot users' neighbors usually have lower degrees. There is no direct connection between almost hot users except for a small number of hot user's clusters. So as to spread the messages widely, hot users must deliver the messages to others via those normal users. Tests in a variety of difference networks shows that the retweet-probability is approximately inversely proportional to the network average. When information passes through users with very low degrees, it is important that at least a few of these users forward the message. After more tests we found that the message could be disseminated through the low degree users with at least three users forwarding. In the experiments above, the turning point which p=0.1 is related to the network average that k=33. An average of three people can forward the message. "Three Man Law" can be used to explain this phenomenon. The "Three Man Laws", means that three people from the same action can change the power of the environment. For example, if a bus by the robbers visited on the bus, as long as there are three passengers began to fight, can arouse others in the car group against. Figure.3 The effect of messages' retweet-probability on message propagation is relatively large (a) the views curve of the spread process of propagation under different propagation coefficients (b) the total views of messages with different retweet probability p As can be seen from the graph, with the increase of the propagation coefficient of retweet probability, the message will spread faster, and the total views of the message is increasing. While, the affect of different P values to the total views is not linear. In general, the bigger the p value is, the smaller the influence on the infection range will be.
IV. DISCUSSION In this experiment, we simulate the process of messages dissemimnation on OSN, and find out the phase transition in magnitude distribution. We speculate that may be caused by the different degree and the irregular structure of the online network. Messages are easy to spread across the small-world networks, while they are hard to go through the link nodes between the clusters to get widely spread. The messages will be spread greatly if only they can cross the threshold. Thus it may be a prerequisite to get a wide spread whether the messages can cross through clusters. This threshold makes out the phase transition in the page views magnitude.
Via the contrast of the two experiments, we find out the main factor what influences the messages infection range is the quality of the message itself (i.e. the messages' propagation coefficient p, which the probability what messages are retweeted). The influence of the messages sender is relatively small and less than 5% of messages' quality. Therefore, for a good communication effect, the messages should be mainly enhanced itself to attract users to retweet, to rise the probability of being forwarded, and they will become hot messages in the network soon. In this now from the we-media age, a lot of normal users in the network will be hot because of a good news and was pushed on the hot list, pursued and admired by the majority of users. A lot of instant online celebrities come into being due to a hot event. These instant online celebrities and hot users are also have tried to push high quality news to conserve the heat or they will be forgotten by the netizen. An outstanding example was the immensely popular but short-lived "Gangnam Style" music video that quickly spread across the world-receiving over one billion views on YouTube-and then soon after lost its popularity. Another similar example is that A new Internet meme has emerged after Chinese swimmer Fu Yuanhui reacted exaggeratedly to her personal best performance in Rio 2016 women's backstroke semi-final. "I've been utilizing prehistorical powers." Her comment has also become part of the meme. There are many other current examples in pop culture and on the Internet subjects that quickly become world-wide topics and then quickly disappear. The ability for hot users to guide public opinion in the network is also getting weaker and weaker, and the social network tends to multipolar. So normal netizen can also become the focus of the network as long as the release of content is enough to attract people, you will naturally attract the users those who have aesthetic fatigue in the common messages and forward your message to achieve good communication effect.
Also, we find out the retweet-probability p = 0.1 is a turning point, which may be related to the structure of the network, such as degree and clustering coefficient. The structure of the network can also affect the page views magnitude [31] [32] . It can be seen from Figure. 4 that the network is clustered. The messages disseminate within the cluster faster due to the small-world networks [33] , and the propagation between the clusters is more difficult. Difficulty of disseminating in different clusters is different, that is to say, the spread resistance of the messages with the different network density will be different [34] . And multi-sender of information dissemination is very dependent on the identification and classification of clusters. So we can achieve good communication effect with a small investment. It will become the next research direction to spread messages in a good way on OSNs. Figure 4 Clusters in social networks The twitter users' network is clustered into of about 6 clusters based on circle of friends.
